various metals, minerals, water-insoluble inorganic compounds, watersoluble inorganic compounds including weak and strong acids, a great variety of organic compounds, elemental carbon, and water. This study focused on a particular combination -fine carbon particles plus acid -which has been associated with excess deaths and morbidity in past air pollution disasters (Goldsmith and Friberg, 1977) , and which may represent a significant present and future airborne health hazard.
Elemental (graphitic) carbon in the fine particle size range (aerodynamic diameters below 10 micrometers) is emitted into the South Coast Air Basin at a rate of about 15 metric tons per day (Cass et al., 1982) . Although elemental carbon represents only about one-third of the total particulate emission in the air basin, it is not only a substantial portion of the total fine particle inventory, but also is known to have significant retention times in the lung due to its resistance to normal particle clearance mechanisms (Nau et al., 1962; Wiester et al., 1980; Griffis et al., 1983; McClellan, 1987) .
Acid mists and fogs in the South Coast Air Basin have been collected and found to have pH values as low as 2.2 (Brewer et al., 1983) .
Ion analyses indicated that nitrate and sulfate ions were present in ratios that were consistent with the relative emission rates of nitrogen oxides and sulfur dioxide into the air (Waldman et al., 1982; Brewer et al., 1983) . The acid mist or acid fog droplets contained a variety of anionic and cationic species, but hydrogen, ammonium, nitrate and sulfate ions accounted for about 90% of the total ionic species on a chemical equivalency basis (Brewer et al., 1983 Separate groups of rats were exposed to (a) diesel exhaust and (b) the acids in order to determine the effects of the component parts of the combined atmosphere. A 5 day period of daily exposures of rats was chosen to simulate an environmental exposure to a complex carbonacid mixture atmosphere during an extended air pollution episode, or to simulate a visit to a polluted area from a cleaner environment.
Previous Studies
Studies of the effects of diesel exhaust using laboratory animals show accumulation of particles in the deep lung, production of "nonspecific" cellular damage, and deterioration of lung defenses (Health Effects Panel of the Diesel Impacts Study Committee, 1981; McClellan, 1987) .
Repeated exposure appears to prolong retention times for carbon in lung tissue over those seen after a single exposure (Griffis et al., 1983 (Amdur, 1958; Lippmann et al., 1987; Schlesinger et al., 1978; Schiff et al., 1979; Phalen et al., 1980; Wolff et al., 1981 Wolff et al., , 1986 Chen and Schlesinger, 1983) . Very similar effects on particle clearance have been seen in rats, rabbits, dogs, donkeys and humans.
At low concentrations of inhaled H2S04 a stimulation of clearance is observed, but clearance is depressed at higher levels (Wolff et al., 1986) , edema and cellular infiltration around bronchi and parenchymal blood vessels in guinea pigs (Bushtueva, 1957) , and increased epithelial thickness and increased numbers of small airways and secretory cells in rabbits (Juhos et al., 1978) , and increased density of secretory cells throughout the bronchial tree accompanied by decreased lumen sizes of small airways in rabbits (Gearhart and Schlesinger, 1988) . Despite the fact that nitric acid is widely used in industry, the toxicology data base is very limited. Abraham et al. (1982) exposed sheep to 1.6 ppm (5.5 mg/m3) nitric acid for 4 hours and found that airway reactivity to aerosolized carbachol was increased. Studies with an ozone + nitrogen dioxide atmosphere at high relative humidity, in which nitric acid was readily formed, showed that both airway permeability and lung pathology were altered (Bhalla et al., 1987; Mautz et al., 1988) . In these studies effects were seen when the ozone and nitrogen dioxide concentrations were as low as 0.35 ppm and 0.6 ppm, respectively, and the associated nitric acid formed was about 0.05 mg/m3. Schiff et al., (1979) (Fenters et al., 1979 (Brain, 1986; Herscowitz, 1985; Bienenstock, 1984 (Johnston et al., 1985) . Inhalation exposure to nickel (Reichrtova et al., 1986) , and in vitro exposure to lead (Jian et al., 1985) have been shown to cause an inhibitory effect on FcR activity (ability to fix cytophillic antibody on the surface of macrophages). In addition,
we (Prasad et al., 1988) This exposure system has been described in detail previously (Prasad et al., 1988 Figure 1 .) The fuel used was Phillips #2 Diesel Control Fuel. The sulfuric acid coating on the diesel soot aerosol was produced by bubbling a stream of dry air through fuming sulfuric acid. The resultant sulfur trioxide vapor was mixed with the carbon aerosol in the presence of water vapor to produce the sulfuric acid coating on the surface of the particles (Walters et al., 1988 (Shaw et al., 1982) 
Particle Clearance
The radioactive tracer particles were labeled at this laboratory with tightly bound 51Cr (Hinrichs et al 1978) Aerosols were 152 generated using a Lovelace-type compressed air nebulizer (Mercer et al., 1968) .
The aerosolized particles were dried, diluted with filtered air, and passed through a 85Kr discharger; rats were exposed for 2 0 minutes. The The data from the endpoint involving the quantitation of lung cell populations containing soot particles are shown in Table 2 . The cells containing soot were mostly free cells (i.e., macrophages) which were found in alveolar spaces or against the alveolar walls ( Figure  2) (McClellan, 1986 ). Wolff et al. (1987) exposed groups of rats to low (0.35 mg/m3), medium (3.5 mg/m3) amd high (7.0 mg/m3) levels of diesel exhaust soot for 7 h/day, 5 days per week, for up to to 2 years. None of the exposures produced significant effects on trachéal mucociliary (early) clearance. While statistically significant delays in pulmonary (late) clearance were noted following exposures to the medium and high soot levels, no significant changes were seen in the group exposed to the low level (a concentration close to the one used in our study). Lung burdens of diesel soot in the rats at all exposure levels showed a progressive increase with time-an effect which was also observed by Chan et al. (1984) Macrophages Containing Soot Particles (arrows) mentioned, a significant portion of the accumulated soot was observed in macrophages. From Table 3 it is evident that another macrophage function -Fc receptor-mediated binding of opsonized material -was also compromised by the pollutant atmospheres, in absence of any observable effect on late clearance of inhaled particles, another functional parameter measured in the study. Bice et al. (1985) have reported that diesel particle accumulation is seen not only in macrophages, but also in the interstitium, alveoli, lymphatic channels, etc., of the lung. This leads to the speculation that an alteration in the permeability of the alveolar region may be contributing to the soot accumulation in different compartments of the lung. From preliminary data provided by Michael Kleinman and Deepak Bhalla of our laboratory (unpublished), it appears that permeability of the alveolar region is altered in rats exposed to atmospheres containing comparable levels of diesel exhaust particles.
Exposures of rats to atmospheres containing diesel exhaust particles alone and in combination with the acids have resulted in the inactivation of the Fc receptors of pulmonary macrophages (Table 3) .
We have previously reported similar toxic effects produced by ozone and ozone-containinq multicomponent atmospheres (Prasad et al., 1988) . Although the mechanism(s) that induces this phenomenon is not clearly understood, it has been hypothesized that soluble immune complexes and suppressor T cells may play significant roles (Rao et al., 1979a; Rao et al., 1979b; Rao et al., 1980 
